DNA binding of tilorone: 1H NMR and calorimetric studies of the intercalation.
The fluorene derivative tilorone has received great attention as a DNA intercalator and has been widely recognized as an inducer of interferon. The biological activity of tilorone is known to be related to its binding mode with DNA; however, few structural and thermodynamic studies have elaborated on this issue. This paper presents two-dimensional (2-D) NMR and isothermal titration calorimetry (ITC) for the tilorone/DNA complex, coupled with circular dichroism (CD) spectroscopy and viscosity measurements. NMR investigation suggests that tilorone binds to DNA through intercalation, showing greater affinity for insertion between AT base pairs than between CG pairs. CD spectral changes were observed for T/B (tilorone/DNA base pair molar ratio) ratios greater than the stoichiometric ratio generally expected for intercalators (i.e., T/B = 0.5, according to the neighbor-exclusion principle). However, there was a clear plateau in the CD intensity between T/B < 0.35 and T/B > 0.45. From comparison with NMR and other measurements, we postulate that CD changes below the plateau should be related to the intercalation and the latter to electrostatic interactions and nonspecific bindings. ITC data showed that DeltaH < -TDeltaS < 0, which indicated that tilorone/DNA binding is enthalpy controlled. The magnitude of Kb (the binding constant) was of the same order as that of ethidium bromide. The stoichiometric number, obtained from ITC, CD, and UV data, implied a relatively smaller value (0.28-0.35) than that of the neighbor-exclusion principle. This is because side chains located in the groove disrupt further intercalation to the adjacent sites.